Escherichia coli was found. These results may be useful for risk assessment studies.
INTRODUCTION
Human noroviruses (NoVs) cause gastroenteritis with vomiting in children and adults. Disease episodes occur throughout the year, with a high epidemic peak in the winter months in countries in the northern hemisphere (Green ) . Human enteric adenoviruses, types 40 and 41, which belong to group F, also cause mild gastroenteritis, with vomiting, mild fever and dehydration (Uhnoo et al. ) , and they are mainly diagnosed in children. Other adenoviruses, among them type 31 (group A) and 52 (group G), have been linked to gastroenteritis cases (Filho et al. ; Jones et al. ) . In adults, the pathogenic nature of adenoviruses is less clear than in children, since asymptomatic shedding can occur for months, even years (Langley ) . noro-and adenoviruses has been reported to be more or less equal when measured by reverse transcriptase polymerase chain reaction (RT-PCR) or PCR (Charles et al. ) . Infective adenoviruses persisted for about 1 year, whereas the genomes of noro-and adenoviruses could be detected for 1.6-2 years. In surface water viruses are likely to become inactivated more rapidly than in groundwater (Gerba ;
Bae & Schwab ), but it is known that adenoviruses are quite resistant to UV light and thus to sunlight (Hijnen et al. ) . It has also become obvious that only a few viruses are needed for infection, especially in the case of NoVs, which can spread from person to person as well as via food and water.
While the levels of hygienic indicator bacteria in many natural waters are monitored regularly, the burden of human enteric viruses, such as noro-and adenoviruses, usually remains unknown. One of the reasons for the scarcity of viral burden data so far is the lack of infectivity assays for detection of many human diarrhea-causing enteric viruses. As it is today still practically impossible to cultivate human NoVs in cell cultures in the laboratory, genome amplification has been a well-received technique for showing the presence of these viruses in environmental samples. (Vilagines et al. ) . An alternative option has been to use commercial filters, especially for filtration of drinking water samples (as reviewed by Maunula ), but also of natural waters (Fuhrman et al. ) .
While the filtration of drinking water is usually straightforward, that of surface water is more challenging owing to a higher turbidity due to clay, algae, microbes and different organic and inorganic compounds. Several consecutive concentration steps, such as PEG precipitation after filtration, may be necessary for further volume reduction.
Waterborne outbreaks, small or large scale, caused mainly by NoVs in drinking water occur annually in Finland (Maunula et al. ) . In this study, we monitored water of the River Vantaa, serving as a secondary source for drinking water, as well as recipient of effluents from three municipal 
MATERIALS AND METHODS

Description of the River Vantaa
The river passes through the most densely populated area in the metropolitan district of southern Finland (about 1.5 million inhabitants) and ends in the Baltic Sea in Helsinki 
Concentration methods for water and treated wastewater
For river water, (i) adsorption-elution with a pre-filter and a HA filter, (ii) glass wool, and (iii) freeze-drying methods were applied. In the one-year survey only the first method was used. The wastewater effluents had either: (i) no pretreatment, or (ii) a 50 mL sample was freeze-dried. A method schematic is shown in Figure 2 and details of the protocols are described below.
River water: adsorption-elution with a pre-filter and a HA filter pH 9.5 containing 3% (w/v) beef extract, the pH of the eluate was lowered to 3.5. The precipitated virus was collected with centrifugation at 7,000 g for 30 min, after which 8 mL PBS (pH 7.2) was added to the pellet. One mL of sample was used for nucleic acid extraction.
Freeze-drying
Freeze-drying, which was applied for river water and TW, was performed for 30-50 mL samples which had been pre-frozen at À80 W C, using a freeze-drying device (Heto DW3, Hallerød, Denmark). After freeze-drying for two days the remnants were suspended in 1 mL PBS and all was used for the extraction of viral nucleic acids.
Direct method
In the direct method, 0.2 mL of TW was used for viral RNA extraction.
Nucleic acid extraction and real-time RT-PCR assays
In the one-year survey in 2007, the viral RNA was extracted using a QIAamp Viral RNA kit (Qiagen GmbH, Hilden, Germany). In the continued monitoring 
Water quality analyses
The number of Escherichia coli in the river and in the TW
was measured with the Colilert Quantitray (IDEXX) and turbidity according to the EN-ISO 7027 standard method.
Conductivity of river water was analysed according to EN-ISO 27888.
Statistical analysis
Pearson's correlation coefficients between the number of E. coli and viruses were counted from log-transformed data.
RESULTS
One-year survey of NoVs: river water
Water filtration through pre-filter Waterra and negatively charged HA membrane was applied for river water from The mean of turbidity values for V84, V39, Le28, V24 and V0 were 20.5, 16.5, 41.7, 28.0 and 62.5 FTU, respectively.
Limit of detection is 3.33 pcr units (pcr detectable units) per L river water.
Limit of detection is 10 pcr units per mL TW. nd ¼ not done.
Continued monitoring and method comparison: noro-and adenoviruses in river water
In 2009, the survey was continued; the river water and TW were analysed for NoV genogroup II and adenoviruses three times during February, March and May. In addition to filtration through the HA membrane after pre-filtration, glass wool and freeze-drying were applied for the water in parallel after sampling from four sites along the river.
This time NoVs were not detected in river water samples with any of the virus concentration methods (data not shown), but all with the exception of one sample (11/12) contained adenoviruses (Table 3) . Using the glass wool method, 9/11 adenovirus-positive samples were detected PCR inhibition was not obvious for any of the methods when nucleic acids were tested as neat and dilution 1:10 in PCR.
Continued monitoring and method comparison: noro-and adenoviruses in treated wastewater
In the TW NoV RNA and adenovirus DNA were consistently detected (Table 4) 
DISCUSSION
In this study noro-and adenoviruses were found in both river water and TW. As the annual occurrence of viral find- One-year survey of NoVs: treated wastewater
In our study the viral loads in TW varied from negative to 10 4 pcr units/mL (that is 10 7 pcr units/L). The positive The microbial quality of the water of the River Vantaa is monitored regularly for levels of faecal indicator bacteria.
Thus, in this study it was possible to analyse viral and indicator bacteria levels in river water as well as in TW samples for possible correlation of numbers. In line with other studies (Jurzik et al. ) , no correlation between bacterial and viral loads, or between noro-and adenoviral loads, was detected in TW in winter and spring, but E. coli was always present when viruses were found in the sample.
In this study we have been able to show that even in a sparsely populated country, human pathogenic enteric viruses, noro-and adenoviruses, exist in natural waters.
The link between burden of enteric viruses in river water 
CONCLUSIONS
In this study NoVs were present in the river water mainly during the winter and spring months, but not in summer and autumn. NoVs were also present in TW when they were found in river water, suggesting it as a source of viral contamination.
It became evident that the methods used for viral analyses have a high impact on the results obtained. In particular, quantification of viruses varies depending on the methods and probably because of changes in the composition of water from time to time.
In the light of the method comparison, we can conclude that during the one-year survey the number of virus-containing samples we obtained with the pre-filter/HA method were under-estimated, since the glass wool method proved to be somewhat more sensitive. As compensation for this, values obtained by PCR probably exceeded the number of infectious viruses.
Monitoring of human pathogenic viruses in relevant natural waters such as rivers passing through densely populated areas should be considered.
